TWENTY-SIX years ago Sir Maurice Cassidy (1931) showed to the Clinical Section of this Society a patient who suffered from severe flushes, recurrent attacks of watery diarrhoea pain in the chest and dyspnoea. The flushing was much exaggerated during emotion and during a meal and there were numerous dilated venules of recent origin over the nose and cheeks. The skin of the trunk was mauve coloured but was liable to sudden changes to vermilion. There was a harsh systolic murmur down the left sternal edge and the liver was large, hard and irregular. This was the first published case of a syndrome afterwards described by Biorck et al. (1952) who were the first to associate it with a metastasizing carcinoid tumour of the intestine.
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Clinicalfindings.-Attacks of watery diarrhaa have been present at some time in nearly all the cases described. Many of these patients have extensive abdominal carcinomatosis and others have had a resection of gut, but this symptom has also been found in cases where the primary in the intestinal wall was quite small and it has persisted after a small local removal. So it seems likely that the diarrhoea may not always be due entirely to mechanical factors.
The Flush
The description I have quoted from Cassidy's account is typical of cases with well-developed symptoms. In others the skin may be normal most of the time; then a flush starts, usually affecting the face first and then sometimes spreading to the neck, chest and limbs. It may be indistinguishable from a menopausal flu-sh. The colour is usually rather a dusky red but may be cyanotic; or bright red areas may be mingled with areas of cyanosis or even of pallor. In Cassidy's case, flushes were precipitAted by a heavy meal and this has been noticed in subsequent cases though not all." Two patients shown me by Dr. P. J. D. Snow in Manchester had noticed that half a pint of beer would cause an attack and in one of them as little as 10 ml. 10% alcohol could be relied on to bring it on. In another case, in which emotion precipitated flushing, a few micrograms of noradrenaline injected intravenously was effective. As time goes on the flushes may become more and more severe, last longer and finally the skin may take on a permanent dusky colour, become coarse in appearance and show the dilated venules described by Cassidy.
During a flush the blood pressure usually remains normal, but may fall and the pulse-rate is often increased; sometimes there is abdominal colic or evacuation of the bowels or bladder and sometimes there is an attack of dyspncea in which there may be signs of bronchospasm. That is to say the flushes may be accompanied by evidence of plain muscle contraction in various parts of the body.
Dyspncea due to cardiac failure and associated with ascites and cedema is seen in cases with damage to the right side of the heart. This is one of the most remarkable features of the condition and has already been described by Dr. Hudson. Finally in nearly all the cases in which general symptoms have been present, the liver has been large and hard due to metastases.
Widespread, apparently unrelated symptoms such as these might suggest a humoral agent and a lead was given to the search for this by the suggestion made by Erspamer (for references see Erspamer, 1954) , while working in an entirely different field, that the argentaffin cells of the intestine, from which carcinoid tumours originate, may secrete 5-hydroxytryptamine (5-HT). In 1953 Lembeck estimated the amount of this substance in a carcinoid tumour and found a very high concentration. In 4 patients (Table I) the amount of 5-HT in the tumour tissue fell between 0 6 and 1 1 mg. 5-HT/gram wet tissue in 3 of them. In one, which on other grounds was certainly a case of malignant carcinoid, less than 1 pg. 5-HT/gram wet tissue was found in both primary and secondary; this is no more than is found in normal intestine. 5-HT is formed in the body from the essential amino acid tryptophan ( Fig. 1) and is subsequently partly oxidized to 5-hydroxy-indole-acetic-acid (5-HIAA), which is excreted in the urine. Normally the urine contains about 6 mg. 5-HIAA per day but in cases of malignant carcinoid this is increased at the very least five or ten times (that is to 30 to 60 mg. per day) and may rise as high as a gram or more per day. Animal experiments show that only about one-third of injected 5-HT can be accounted for as 5-HIAA. What happens to the rest is not known but it is probably safe to assume that 5-HT production is about two to three times that indicated by the 5-HIAA excretion. The detection and estimation of the large amounts of 5-HIAA found in patients with malignant carcinoid tumours is simple and this provides the easiest laboratory method of confirming the diagnosis. There is at present no other condition known in which a large increase in the excretion of 5-HIAA takes place and the finding of this therefore constitutes proof of the presence of a malignant carcinoid tumour. 5-HIAA combines with Ehrlich's aldehyde reagent to give a blue colour and this has been used as a test, but the test described by Sjoerdsma et al. (1955) is more satisfactory and can be done in a few minutes. It depends on coupling 5-HIAA with oc-nitroso-p-naphthol to give a purple-coloured substance. When applied as described by the authors the test is negative when normal amounts of 5-HIAA are present. More precise information as to the amount of 5-HIAA excreted may be obtained by the quantitative method of Udenfriend et al. (1955) or the shorter method of Macfarlane et al. (1956) both of which depend on the reaction mentioned above, or by paper chromatography Hanson and Serin, 1955; Jepson, 1955) .
Amounts of 5-HT found in the blood and urine. Normally 5-HT in the blood is contained entirely in the platelets. Platelets have a great affinity for it and will absorb up to five times as much as they normally contain (Hardisty and Stacey, 1955) . This is, no doubt, one reason why there is virtually no free 5-HT in plasma. But a more important reason is that any free 5-HT is oxidized by enzymes in lung, liver, kidney and other organs. When blood clots the 5-HT in the platelets rapidly escapes and part passes into the serum, where it can be estimated, and part into the red cells, where it is lost. There is therefore considerably less 5-HT in serum than in the blood from which it is derived but serum estimations nevertheless provide a rough guide to the amount of 5-HT in the blood provided the method of preparing the serum is standardized. The blood 5-HT and the urine 5-HIAA excretion of 5 cases of malignant carcinoid are shown in Table II . In all both were increased but whereas the average blood 5-HT was only increased eight times the normal, an expression no doubt of the limited capacity of platelets to carry 5-HT, the-average 5-HIAA excretion was nearly eighty times that of the normal. Both on account of ease of estimation and the greater abnormalities found, urinary 5-HIAA estimation is the estimation to be preferred to establish a diagnosis. The urine normally contains only traces of 5-HT and Table III shows the amounts found -5 (Lembeck and Neuhold, 1955) in 4 cases. In 3 of these the excretion was within normal limits, though all were excreting very large amounts of 5-HIAA; in one it was high and this has been verified on numerous occasions.
We have, then, clear evidence that large amounts of 5-HT are formed by carcinoid tumours and that this reaches the blood stream, is oxidized to 5-HIAA and other substances and is excreted. 5-HT is pharmacologically a most active substance; 5-HIAA is inert. We now come to the question: How far are the symptoms of patients with carcinoid tumours explicable in terms of the known actions of 5-HT? 5-HT contracts plain muscle and infusions in man cause diarrhoea, intestinal colic, evacuation of the bladder and bronchospasm. These are all effects met with from time to time in this condition. Infusions also cause flushing and large doses may cause a patchy cyanosis;
here again there is a correspondence between the actions of 5-HT and the symptoms to be explained but exactly how these changes are brought about is not clear. 5-HT is a vasoconstrictor and increases peripheral resistance, but whether the flush is due to the effects of stagnant anoxia on the skin vessels, or to venous constriction or some other mechanism, has not been investigated.
The effects of 5-HT on blood pressure are complex. In man and in experimental animals, a rise, a fall or, more often, a fall followed by a rise may be obtained under different circumstances. Apart from the peripheral constriction I have mentioned, it constricts pulmonary vessels and also tends to cause a reflex fall in blood pressure by stimulation of afferents arising in the heart, pulmonary circulation and carotid bodies. Usually patients with malignant carcinoid have a normal blood pressure but until more is known of the circulatory effects in man it is idle to go into this question in greater detail.
By an action on the chemo-receptors of the carotid body, 5-HT stimulates respiration; and this action may play a part in the attacks of dyspncea.
The pathogenesis of the cardiac lesions remains at present unexplained. The pouring of 5-HT into the portal and hepatic veins probably leads to high concentrations free in the plasma where normally there is little; and this would be largely removed in the lungs. So that if the changes in the heart are due to the action of 5-HT it would be the right side of the heart which might be expected to be the more affected-as indeed it is. Finally 5-HT has been shown to have an antidiuretic action and, on injection into the 3rd ventricle, striking cerebral effects. No changes in patients have been found which could definitely be attributed to these actions.
Cassidy's description, given here twenty-six years ago, shows that he considered the possibility of one humoral agent, namely histamine, being responsible for the flushing, for he describes observations in his patient on the triple response and on the injection of histamine. Recently Waldenstrom and Pernow announced the finding of large amounts of histamine in the urine and plasma of 3 patients with this condition and offer two interesting suggestions in explanation. Very high concentrations of 5-HT are known to release the bound histamine of the tissues but whether the concentrations reached in man are sufficient to do this is by no means certain. Their second suggestion is that possibly the same decarboxylase which converts 5-hydroxytryptophan into 5-HT may also convert the amino acid histidine into histamine and that the presumed high concentration of this enzyme in carcinoid tissue may lead to a large production of histamine. This is a matter which can be settled experimentally. In any case it seems that not all patients with malignant carcinoid excrete abnormal amounts of histamine, for of 2 cases I have personally investigated one did and the other did not. The reason for this difference and what effect the presence of large amounts of histamine may have on the symptomatology remains to be determined.
Treatment.-There is, of course, very little that can be done as there are invariably liver secondaries present. Surgical removal of malignant glands has been reported to have been followed by some amelioration of symptoms but surgery carries a definite risk. A severe attack may be precipitated by handling or pressing on malignant tissue and I know of 2 cases in which an attack, ultimately leading to the death of the patient, developed at an early stage in the operation before there was any manipulation of the growth. Temporary improvement has been twice reported after 198Au and deterioration twice after radiotherapy.
Potent antagonists to 5-HT are known but so far they have not shown themselves to be of niuch value in treating these cases. Bromlysergic acid diethylamide, chlorpromazine and dibenyline would appear to be the most promising for a trial. In view of the precipitation of attacks by excitement and by noradrenaline, the use of adrenaline in treating bronchospasm would seem inadvisable. Finally in cases where large amounts of histamine are excreted it is possible that some amelioration of symptoms might be obtained from antihistamine drugs.
